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PREFACE
Finnish Environment Institute (SYKE) is appointed National Reference Laboratory
in the environmental sector in Finland. The duties of the reference laboratory
include providing interlaboratory proficiency tests and other comparisons for
analytical laboratories and other producers of environmental information. The
testing  and  the  calibration  laboratories  as  well  as  the  proficiency  testing  provider
(Proftest SYKE) of the SYKE laboratory center have been accredited by the
Finnish Accreditation Services (EN ISO/IEC 17025, EN ISO/IEC 17043,
www.finas.fi).
This proficiency test  has been carried out under the scope of the SYKE reference
laboratory and it provides an external quality evaluation between laboratory results,
and mutual comparability of analytical reliability.
The success of the proficiency test requires confidential co-operation between the
provider and participants.
Thank you for your participation!
ALKUSANAT
Suomen ympäristökeskus (SYKE) toimii ympäristönsuojelulain nojalla määrättynä
ympäristöalan vertailulaboratoriona Suomessa. Yksi tärkeimmistä vertailulabora-
torion tarjoamista palveluista on pätevyyskokeiden ja muiden vertailumittausten
järjestäminen. SYKEn laboratoriotoiminnan testaus-, kalibrointi- ja tutkimustoi-
minta sekä vertailumittausten järjestäminen (Proftest SYKE) ovat FINAS –
akkreditoituja (SFS-EN ISO/IEC 17025, SFS-EN ISO/IEC 17043, www.finas.fi).
Tämä pätevyyskoe on toteutettu SYKEn vertailulaboratorion toiminta-alueella ja se
antaa ulkopuolisen laadunarvion laboratoriotulosten keskinäisestä vertailtavuudesta
sekä laboratorioiden määritysten luotettavuudesta.
Pätevyyskokeen onnistumisen edellytys on järjestäjän ja osallistujien välinen
luottamuksellinen yhteistyö.
Lämmin kiitos yhteistyöstä kaikille osallistujille!
Helsingissä 30 Tammikuuta 2015 / Helsinki 30 January 2015
Laboratorionjohtaja / Director of Laboratory
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1 Introduction
Proftest SYKE carried out the proficiency test (PT) for analysis of gross and net calorific value
in fuels (CAL/14/06) in September 2014. In total there were 25 participants in the PT. Gross
and net calorific value, C, S, H, N, moisture content of the analysis sample (Mad), ash content,
and volatile matter (Vdb) were tested in peat, wood pellet (not S) and coal samples.
The proficiency test was carried out in accordance with the international guidelines
ISO/IEC 17043 [1], ISO 13528 [2], and IUPAC Technical report [3]. The Proftest SYKE has
been accredited by the Finnish Accreditation Service as a proficiency testing provider
(PT01, ISO/IEC 17043, www.finas.fi/scope/PT01/uk). This proficiency test has been carried
out under the accreditation scope of the Proftest SYKE.
2 Organizing the proficiency test
2.1 Responsibilities
Proftest SYKE, Finnish Environment Institute (SYKE), Laboratory Centre
Hakuninmaantie 6, 00430 Helsinki, Finland
Phone: +358 295 251 000, Fax. +358 9 448 320
The responsibilities in organizing the proficiency test were as follows:
Mirja Leivuori coordinator
Katarina Björklöf substitute of coordinator
Keijo Tervonen technical assistance
Markku Ilmakunnas technical assistance
Sari Lanteri technical assistance
Partner:
Minna Rantanen from Ramboll Finland Oy (Vantaa) was participating in organizing the
proficiency test as well as acting analytical expert.
Subcontracting:
The peat, wood pellet and coal samples were homogenated and divided into sub-samples at the
laboratory of Water Protection Association of the Kokemäenjoki River in Tampere (Finland,
accredited testing laboratory T064 by the Finnish Accreditation Service,
www.finas.fi/scope/T064/uk).
2.2 Participants
In total 25 participants took part in this proficiency test (Appendix 1), 11 from Finland and 14
from other EU countries. Altogether 80 % of the participants used accredited analytical
methods at least for a part of the measurements. The samples were tested at the laboratory of
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Ramboll Finland in Vantaa (accredited testing laboratory T039 by the Finnish Accreditation
Service, www.finas.fi/scope/T039/uk) and their participant code is 23 in the result tables.
2.3 Samples and delivery
Three different fuel samples were delivered to the participants; peat, wood pellet and coal
samples.  Gross  (q-V,gr,d)  and  net  (q-p,net,d)  calorific  value,  C,  S,  H,  N,  moisture  content  of
the analysis sample (Mad), ash content, and volatile matter (Vdb)  were  tested  in  peat,  wood
pellet (not S) and coal samples.
The material for the peat sample (B1) was collected from the Finnish marshland. The material
was air dried and grounded by the mill with 500 µm sieve before homogenization and sample
dividing. The peat sample was prepared by Labtium in Jyväskylä (Finland, previously ENAS
LTD).
The wood pellet sample (B2) was provided by Vapo Oy and it was pre-treated (grinding) by
Labtium. The raw material for wood pellets was naked softwood sawdust and molding
shavings. The material was first crushed with a cutting mill and then grounded by the mill with
1000 µm sieve before homogenization and sample dividing.
The coal sample (K1) was prepared from a Polish steam coal by the Helsinki Energia (Finland).
All samples were homogenized and divided into sub-samples at the laboratory of Water
Protection Association of the Kokemäenjoki River in Tampere. The sample preparation is
described in details in the Appendix 2.
In the cover letter delivered with the samples, the participants were instructed first to store the
samples closed for one day after their arrival and then to measure the moisture content of the
analysis sample (Mad) as the first measurement. The samples were instructed to be
homogenized  before  measurements  and  to  be  stored  in  a  dry  place  at  room  temperature.
Further, the moisture content of the analysis sample was instructed to be measured on every
day of measurements. This was important as it eliminates the influence of humidity on the
measurements. The participants were also asked to report the relative humidity (%) of the
measuring room as an average of the measuring dates.
Participants had the possibility to estimate/calculate the emission factor (as received) for peat
and coal samples. For this estimation/calculation, the total moisture contents of the samples as
received (Mar) were given:
· peat B1 47,8 %,
· coal K1 8,7 %
The samples were delivered on 2 September 2014 to the participants. The samples arrived to
the participants mainly on the 5 September 2014. Laboratory 13 received the samples on 9
September 2014.
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The samples were requested to be measured and to be reported latest on 22 September 2014.
One participant  delivered  the  results  one  day  later.  The  preliminary  results  were  delivered  to
the participants via email on 26 September 2014.
2.4 Homogeneity studies
Homogeneity of the samples B1, B2 and K1 was tested by measuring the gross calorific value
and ash content as duplicate determinations from ten (K1), eight (B2) and six (B1) subsamples
(Appendix 3). Moreover, nitrogen was tested from six subsamples as duplicate measurements,
and  additionally  the  content  of  carbon,  hydrogen  and  sulphur  from  two  subsamples  were
measured. According to the homogeneity test results, all samples were considered homogenous.
Particle size distribution was also tested from one sub sample of peat (B1) and coal (K1). The
requirement of particle sizes given in the international standards was not totally fulfilled
(Appendix 3). However, based on the results of this PT this seems not to have influenced the
performance of the participants measuring the coal sample.
2.5 Feedback from the proficiency test
The feedback from the proficiency test is shown in Appendix 5. The comments from the
participants dealt mainly with their reporting errors with the samples. The comments from the
provider are mainly focused to the lacking conversancy to the given information with the
samples.
2.6 Processing the data
2.6.1 Pretesting the data
The normality of the data was tested by the Kolmogorov-Smirnov test. The outliers were
rejected according to the Grubbs or Hampel test before calculating the mean. Also before the
robust calculation some outliers were rejected in case that the results deviated from the robust
mean more than 50 % or 5 times, the result was reported erroneously (e.g. wrong unit), large
deviation between the parallel results were observed, or anomalous values in the measured
element value were used in the calculation. The rejection of results was partly based to the
rather strict requirements for the reproducibility given in the standards for analysis described in
the covering letter of the samples. The duplicate results were tested using the Cochran test. If
the result was reported < DL (detection limit), it has not been included in calculations.
More information about the statistical handling of the data is available in the Guide for
participant [4].
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2.6.2 Assigned values
Primarily the robust mean was used as the assigned value for the measurements of the samples
B1, B2 and K1, when the number of results was greater than or equal to 12 (Appendix 5).
When the number was lower than 12, the mean value was used as the assigned value. The
robust mean or mean is not metrologically traceable assigned value. As it was not possible to
have metrologically traceable assigned values, the robust means or means of the results were
the best available values to be used as the assigned values. The reliability of the assigned value
was statistically tested according to the IUPAC Technical report [3].
Also the mean value (after using the Grubbs or Hampel outlier test) and the median value of the
data were calculated, which were quite near to the assigned values based on the robust means
(Table 1). The  results  of  homogeneity  tests  of  the  samples  were  used  as  background
information when estimating the reliability of the assigned values. The uncertainties of the
assigned values were calculated using the robust standard deviation or standard deviation of the
reported results [2, 4]. After reporting the preliminary results no changes have been done for
the assigned values.
The participants also calculated emission factors (EF) for the peat and coal samples according
to the given total moisture contents as received (Mar). In the proficiency test only few results of
emission factors for the different sample types (5-6) were reported and the evaluation of results
was not reliable. The performance evaluation of the emission factor given in the preliminary
report was only informative and it was based on the mean value of the results as the assigned
value and 2 % as the standard deviation for the proficiency assessment. The number of the
nitrogen results was too low for the performance evaluation in peat sample (B2, Table 1).
Further, there was high variation in the results of analysis moisture (Mad), thus the results have
not been evaluated, but the assigned values are presented (Table 1).
When  using  the  robust  mean  or  mean  of  the  participant  results  as  the  assigned  value,  the
standard uncertainties of the assigned values for calorific values were between 0.2 % and
0.5 %. For the other measurements the uncertainty varied from 0.4 % to 15 % (Appendix 5).
2.6.3 Standard deviation for proficiency assesment and z score
The requirements for the reproducibility of the used standard methods were reported in the
cover letter delivered with the samples and they were used to estimate the standard deviation of
the proficiency assessment in this PT. The reproducibility required in the standards was
fulfilled for gross calorific values. For some other measured parameters (i.e. C,  H,  S)  the
standard deviation for the proficiency assessment had to be increased from the reproducibility
requirements of the standards, due to high variation in the results. The target value for the
standard deviation for the proficiency assessment (2×sp) was set to 1–30 % depending on the
measurements.
The reliabilities of the assigned values were tested according to the criterion u / sp ≤ 0.3, where
u  is  the  standard  uncertainty  of  the  assigned  value  (the  expanded uncertainty  of  the  assigned
value (U) divided by 2) and sp is the standard deviation for the proficiency assessment [3].
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When testing these reliabilities the criterion was mainly fulfilled and the assigned values were
considered reliable.
The reliability of the target value of the standard deviation and the corresponding z score was
estimated by comparing the deviation for proficiency assessment (sp) with the robust standard
deviation of the reported results (srob) [3]. The criterion srob / sp < 1.2 was mainly fulfilled.
In  the  following  cases,  the  criterion  for  the  reliability  of  the  assigned1 value and/or for the
reliability of the target value for the deviation2 was not met and, therefore, the evaluation of the
performance is reduced in this proficiency test:
Sample Measurement
B1 H1, S1
B2 Ash1,2
K1 N1, Vdp1
3 Results and conclusions
3.1 Results
The  summary  of  the  results  of  this  proficiency  test  is  presented  in  Table  1.  Explanations  to
terms used in the result tables are presented in Appendix 6.The results and the performance of
each laboratory are presented in Appendix 7. The reported results with their expanded
uncertainties (k=2) are presented in Appendix 8. The summary of the z scores is shown in
Appendix 9 and z scores in the ascending order in Appendix 10.
The robust standard or standard deviations of the results varied from 0.3 to 19.7 % (Table 1).
The robust standard or standard deviation was lower than 2 % for 52 % of the results and lower
than 6 % for 84 % of the results (Table 1, Appendix 7). For sulphur the robust standard
deviation of the results was higher than 6 % (B1, K1) and for ash it was the highest 19.7 % (B2,
Table 1). The robust standard or standard deviations were approximately within the same range
as in the previous similar proficiency test Proftest SYKE 6/2013, where the deviations varied
from 0.3 % to 15 % [5].
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Table 1. The summary of the results in the proficiency test 6/2014.
Analyte Sample Unit Assigned value Mean Rob. mean Median SD rob SD rob % 2*sp % n Acc z %
Ash,d B1 w% 4.58 4.57 4.58 4.60 0.12 2.5 6.0 18 94
B2 w% 0.27 0.27 0.27 0.28 0.05 19.7 30.0 18 78
K1 w% 18.1 18.1 18.1 18.1 0.2 1.3 2.5 17 94
C,d B1 w% 53.3 53.3 53.3 53.6 0.8 1.6 3.0 11 100
B2 w% 50.4 50.4 50.4 50.6 0.5 1.0 2.5 11 100
K1 w% 69.6 69.7 69.6 69.8 0.8 1.1 2.5 14 79
EF B1 t CO2/TJ 108.6 108.6 108.5 - 5 -
K1 t CO2/TJ 94.2 94.2 94.2 - 5 -
H,d B1 w% 5.45 5.45 5.43 5.38 0.23 4.3 7.0 9 89
B2 w% 6.04 6.0 6.0 6.0 0.2 2.6 6.0 10 90
K1 w% 4.18 4.18 4.16 4.15 0.13 3.1 6.0 11 91
Mad,d B1 w% 12.8 12.7 12.8 12.8 0.3 2.5 - 15 -
B2 w% 7.29 7.27 7.29 7.27 0.23 3.1 - 16 -
K1 w% 1.66 1.78 1.66 1.75 0.31 18.5 - 18 -
N,d B1 w% 1.16 1.16 1.18 1.16 0.07 5.7 10.0 9 78
B2 w% 0.12 0.12 0.07 - 6 -
K1 w% 1.16 1.16 1.17 1.17 0.07 6.3 10.0 10 80
q-p,net,d B1 J/g 20174 20174 20174 20165 137 0.7 1.8 14 86
B2 J/g 18882 18860 18882 18887 138 0.7 1.8 14 79
K1 J/g 27320 27335 27320 27344 99 0.4 1.2 15 80
q-V,gr,d B1 J/g 21355 21351 21355 21327 120 0.6 1.4 18 78
B2 J/g 20203 20205 20203 20214 148 0.7 1.5 18 78
K1 J/g 28209 28201 28209 28247 81 0.3 1.0 17 88
S,d B1 w% 0.14 0.14 0.14 0.14 0.02 13.6 25.0 13 85
K1 w% 0.63 0.62 0.63 0.62 0.04 6.7 15.0 17 82
Vdb B1 w% 69.5 69.5 69.5 69.4 0.6 0.8 3.0 10 90
B2 w% 85.0 85.0 85.1 85.0 0.7 0.8 3.0 11 91
K1 w% 27.0 27.0 27.0 26.9 0.4 1.5 3.0 14 93
Rob. mean: the robust mean, SD rob: the robust standard deviation, SD rob %: the robust standard deviation as percent, 2*sp
%: the total standard deviation for proficiency assessment at the 95 % confidence interval, Acc z %: the results (%), where ïzï
£ 2, n: the number of the participants.
In this proficiency test the participants were requested to report the replicate results for all
measurements. The results of the replicate determinations based on the ANOVA statistics are
presented in Table 2. The international standards or technical specifications relates to the
measurements of fuels, recommend the targets for the repeatability.
In particular, in measurements of the calorific values, the requirement for the repeatability is
± 120 J/g. In this proficiency test the requirements for the repeatability of the measurements of
the gross calorific value were 0.56 % for the sample B1, 0.59 % for the sample B2 and 0.43 %
for the sample K1 and in measurement of the net calorific value 0.59 %, 0.64 % and 0.44 %,
respectively. In each case, the obtained repeatability of the measurement of the gross calorific
value and the net calorific value was lower than the repeatability requirement (Table 2, the
column sw %).
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Table 2. Summary of repeatability on the basis of duplicate determinations (ANOVA statistics).
Analyte Sample Unit Ass.val. Mean sw sb st sw% sb% st% sb/sw
Ash,d B1 w% 4.58 4.57 0.064 0.180 0.191 1.4 3.9 4.2 2.8
B2 w% 0.27 0.27 0.023 0.046 0.051 8.3 17 19 2.0
K1 w% 18.1 18.1 0.035 0.217 0.220 0.19 1.2 1.2 6.1
C,d B1 w% 53.3 53.3 0.261 0.763 0.806 0.49 1.4 1.5 2.9
B2 w% 50.4 50.4 0.123 0.520 0.534 0.24 1.0 1.1 4.2
K1 w% 69.6 69.7 0.373 2.134 2.166 0.54 3.1 3.1 5.7
EF B1 t CO2/TJ 108.6 108.6 0.118 1.048 1.055 0.11 0.97 0.97 8.9
K1 t CO2/TJ 94.2 94.2 0.087 0.170 0.191 0.092 0.18 0.20 2.0
H,d B1 w% 5.45 5.45 0.042 0.245 0.249 0.77 4.5 4.6 5.8
B2 w% 6.04 6.0 0.055 0.170 0.178 0.90 2.8 2.9 3.1
K1 w% 4.18 4.18 0.036 0.276 0.278 0.87 6.7 6.8 7.7
Mad,d B1 w% 12.8 12.7 0.060 0.324 0.330 0.47 2.5 2.6 5.4
B2 w% 7.29 7.27 0.038 0.236 0.239 0.52 3.3 3.3 6.2
K1 w% 1.66 1.78 0.027 0.281 0.282 1.6 17 17 11
N,d B1 w% 1.16 1.16 0.040 0.098 0.106 3.4 8.2 8.8 2.4
B2 w% 0.12 0.12 0.004 0.119 0.119 3.6 98 98 27
K1 w% 1.16 1.16 0.023 0.068 0.072 2.0 5.9 6.2 3.0
q-p,net,d B1 J/g 20174 20174 32.79 118.4 122.8 0.16 0.59 0.61 3.6
B2 J/g 18882 18860 33.65 167.6 170.9 0.18 0.89 0.90 5.0
K1 J/g 27320 27335 31.76 137.6 141.2 0.12 0.50 0.52 4.3
q-V,gr,d B1 J/g 21355 21351 29.42 111.1 115.0 0.14 0.52 0.54 3.8
B2 J/g 20203 20205 35.02 154.0 157.9 0.17 0.76 0.78 4.4
K1 J/g 28209 28201 27.09 85.95 90.12 0.096 0.30 0.32 3.2
S,d B1 w% 0.14 0.14 0.003 0.019 0.019 2.5 14 14 5.5
K1 w% 0.63 0.62 0.001 0.052 0.053 1.5 8.4 8.5 5.5
Vdb B1 w% 69.5 69.5 0.251 0.551 0.605 0.36 0.79 0.87 2.2
B2 w% 85.0 85.0 0.386 1.242 1.300 0.45 1.5 1.5 3.2
K1 w% 27.0 27.0 0.082 0.419 0.427 0.31 1.5 1.6 5.1
Ass.val.: assigned value; sw: repeatability standard error; sb: standard error between laboratories; st: reproducibility standard
error.
The estimation of the robustness of the methods could be done by the ratio sb/sw. The ratio sb/sw
should not exceed the value 3 for robust methods. Here, however, the robustness exceeded the
value 3 in many cases (Table 2). For the gross calorific value, the ratio sb/sw,  was  3.8  (the
sample B1), 4.4 (the sample B2) and 3.2 (the sample K1), for the net calorific values 3.6, 5.0
and 4.3, respectively. For the calorific values the ratio sb/sw was mainly within the same range
than  in  the  previous  similar  proficiency  test  6/2013,  with  the  exception  of  the  coal  sample
(K1) [5].
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3.2 Analytical methods
The participants were allowed to use different analytical methods for the measurements in the
PT. A questionnaire of some detailed information related to the used analytical methods was
provided along the proficiency test. The summary of the answers is shown in Appendix 11. The
used analytical methods and the results of the participants grouped by methods are shown in
more detail in Appendix 12. The statistical comparison of the analytical methods was possible
for the data where the number of the results was ≥ 5. However, in this PT there were not
enough results for statistical comparison. Thus, the comparison is based on the graphical result
evaluation.
3.2.1 Gross and net calorific value
The analytical methods based on different standard methods were used for the measurements in
the proficiency test. The used analytical methods of the participants are shown in more detail in
Appendix 12.
Mostly, standard methods were used for measurement of calorific value (EN 14918 [6],
ISO 1928 [7]. Only one participant used national or other standards (participant 26), while two
participants did not report the used methods (participants 2, 16). The participants used mostly
0.5–1.3 g of sample for the measurements of the calorific value. The measurements of calorific
value were done by IKA, PARR or LECO equipment (Appendix 11).
In the calculations of gross calorific value (q-V,gr,d), various correction factors were used.
Fuse wire, ignition, acid, moisture, nitrogen and sulphur corrections were most commonly used
in several different combinations (Appendix 11). For the calculation of net calorific value (q-
p,net,d) different combinations of correction factors were used as well (Appendix 11). Mainly,
the calculated/fixed hydrogen content was used for corrections. Based on the graphical result
evaluation, there is no clear difference between the used methods in gross and net calorific
value measurements.
3.2.2 Measurement of carbon, hydrogen, nitrogen, sulphur, moisture, ash and
volatile matter
In the proficiency test the following several standard methods or technical specifications were
mainly used for measurements of different parameters:
Parameter Method
C, H and N EN 15104 [8], ISO 29541 [9], ASTM D 5373 [10]
S EN 15289 [11], ISO 334 [12], ASTM D 4239 [13]
Analytical moisture content EN 14774-3 [14], ISO 589 [15], DIN 51718 [16], ASTM D 7582 [17], ASTM D 5142 [18]
Ash content EN 14775 [19], DIN 51719 [20], ASTM D 7582 [17], ASTM D 5142 [18]
Volatile matter EN 15148 [21], ISO 562 [22]
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However, in some cases also other international or national standards or internal methods were
used (e.g. participants 9, 25, 26). Moisture content was mainly determined in air
gravimetrically by heating at the temperature 105 °C. Moisture content was measured also
using TGA at the temperatures 105-107 °C.  N2 atmosphere was mainly used for determining
moisture content for coal samples, but also in few cases for wood and peat samples
(Appendix 11).
The ash content was determined mainly gravimetrically by heating at the temperature 550 °C
(Samples B1, B2) or (Sample K1). Some participants (i.e. 4, 21) determined ash content from
the peat and wood pellet samples by heating at temperature 815 °C. Ash content was measured
also using TGA for samples at the temperatures 550 °C, 815 °C or 750 °C (Appendix 11). In the
ash content determination the recommendation should be taken into account, that if the ash
content is expected to be very low, it would be better to use a larger sample size and a larger
dish to improve the accuracy ([19], chapter 7.3).
It should be noted that the hydrogen determination of the biomass samples should be carried
out with dried analysis samples to prevent erroneous low results for some types of instruments
([8], chapter 7).
In the proficiency test also information of detection limit of nitrogen and sulphur was collected
(Appendix 11). Various methods were used in the estimation of detection limits, mainly the
data from the method validation was used (Appendix 11). The reported detection limits varied
from 0.01 to 0.3 w% for nitrogen and from 0.0005 to 0.13 w% for sulphur.
3.3 Uncertainties of the results
Totally 50 % of the participants reported the expanded uncertainties (k=2) with their results for
at least some of their results (Table 3, Appendix 12). The range of the reported uncertainties
varied between the measurements and the sample types.
Several approaches were used for estimating of measurement uncertainty (Appendix 13). The
most used approach was based on the internal quality data or method validation data (Meth 2
and Meth 8). Also some laboratories reported the usage of the MUkit measurement uncertainty
software for the estimation of their uncertainties. The free software is available in the webpage:
www.syke.fi/envical/en. Generally, the used approach for estimating measurement uncertainty
did not make definite impact on the uncertainty estimates.
The estimated uncertainties varied highly for all the tested measurements (Table 3). Especially,
very low uncertainties can be considered as questionable. It was evident, that some
uncertainties had been reported erroneously for the calorific values, not as relative values as the
provider of this proficiency test had requested (Table 3). In many other cases, the reported
measurement uncertainties did not meet the requirements of the standard methods for the
repeatability of the method [6, 7].
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Table 3. The range of the expanded measurement uncertainties (k=2, U%) reported by the
participants.
3.4 Estimation of emission factor
Additionally, the laboratories were asked to estimate the emission factors for the peat and coal
samples distributed in the proficiency test by taking into account their own net calorific values
and the total moisture values as received, which was informed in the cover letter of the
samples. The calculation of the emission factor of the wood pellet sample (B2) was not done as
it is a CO2 neutral fuel. In this proficiency test only five participants reported the emission
factor.  Due to low number of results performance evaluation for the emission factor was not
performed in the final report. The informative evaluation for the emission factor (sp 2 %) was
given in the preliminary results.
4 Evaluation of the results
The evaluation of the participants was based on the z scores, which were calculated using the
assigned and target values for the total standard deviation (Appendix 6). The z scores were
interpreted as follows:
In total, 86 % from the results were satisfactory when deviations of 1–30 % from the assigned
values were accepted. About 70 % of the participants used the accredited methods and 85 % of
their results were satisfactory. Proftest SYKE arranged a similar proficiency test in 2013 and
then 87 % of the results were satisfactory [5]. It is noteworthy, that in the present PT the total
number of participants was lower than in the test 6/2013.
Measurement Uncertainty B1,% Uncertainty B2, % Uncertainty K1, %
Ash 4-14.5 4-90 0.07-7
C 2-10 2-40 0.38-10
H 5-20 5-20 4.1-10
N 8-40 10-40 5-38
q-p,net,d 0.8-10 1-10 0.05-10
q-V,gr,d 0.59-10 0.62-30 0.05-10
S 5-40 - 0.006-15
Vdb 2-10 2-10 0.17-10
Criteria Performance
| z | £ 2 Satisfactory
2 < | z | < 3 Questionable
| z | ³ 3 Unsatisfactory
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Table 4. Summary of the performance evaluation in the proficiency test 06/2014.
The satisfactory results varied between 86 % and 87 % for the tested sample types (Table 4).
The criteria for performance had been mainly set according to the target value for
reproducibility recommended in international standards or technical specifications for
measurement of the calorific values and other determinants. The reproducibility required in the
standards was fulfilled for the gross calorific values. For the net calorific value increased
reproducibility from the value for the gross caloric value was used. There was no criterion for
reproducibility for the net calorific value in standards methods.
Peat
In the previous similar proficiency test 6/2013 the satisfactory results of the peat sample (B1)
were in total 92 % [5], thus the performance in this PT is slightly declined (87 %, Table 4). The
satisfactory results varied between 78 % (N, gross calorific value) and 100 % (carbon) for the
peat sample (Table 1). In  the  measurement  of  carbon,  100  % of  the  results  were  satisfactory
(Table 1). In this proficiency test the number of satisfactory results of the gross values (78 %)
and the net calorific values (86 %) for the peat sample was lower than in the previous
proficiency test 6/2013 (88 % and 100 %, respectively) [5]. The results of analysis moisture
(Mad) and emission factor have not been evaluated, but the assigned values are presented
(Table 1).
Wood pellet
In the previous proficiency test 6/2013 satisfactory results of the wood pellet sample (B2) were
in total 84 % [5], thus the performance in this proficiency test was in the same range (86 %,
Table 4). The satisfactory results varied between 78 % (ash, gross calorific value) and 100 %
(carbon) for the wood pellet sample (Table 1). The number of nitrogen result was too low for
the performance evaluation in peat sample (B2, Table 1). In the measurement of gross and net
calorific values, 78 % and 79 %, respectively, were satisfactory when accepting deviations of
1.5 % and 1.8 % from the assigned values (Table 1). The number of satisfactory results of the
Sample Satisfactory
results (%)
Accepted deviation from
the assigned value (%)
Remarks
Peat, B1 87 1.4-25 · The reliability of the assigned value for H and S
was weakened, and thus the performance
evaluation is only indicative.
· For EF the number of reported results was low
and no performance evaluation was done.
Wood pellet, B2 86 1.5-30 · The reliability of the assigned value and standard
deviation for assessment (sp) for ash was declined,
and thus unqualified z score.
Coal, K1 86 1-15 · Weakened performance evaluation for N and Vdp
due to the declined reliability of the assigned
values.
· For EF the number of reported results was low
and no performance evaluation was done.
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gross and net calorific values for wood pellet was in the same range as in the previous
proficiency test 6/2013 (72 % and 79 % respectively) [5]. The estimation of EF was not done as
it is a CO2 neutral fuel. Also the results of analysis moisture (Mad) have not been evaluated, but
the assigned values are presented (Table 1).
Coal
In the previous proficiency test 6/2013 satisfactory results of the coal sample (K1) were in total
87 % [5], thus the performance in this PT was in the same range (86 %, Table 4). In the
measurement  of  gross  and  net  calorific  values,  88  % and  80  % of  results,  respectively,  were
satisfactory, when accepting the deviations of 1 and 1.2 % from the assigned values (Table 1).
In  this  proficiency  test  the  number  of  satisfactory  result  of  the  gross  and  net  calorific  values
were nearly in the same range than in the previous test 6/2013 (85 % and 87 %, respectively)
[5]. The results of analysis moisture (Mad)  and  the  emission  factor  (EF,  low  number  of
participant) have not been evaluated, but the assigned values are presented (Table 1).
5 Summary
Proftest  SYKE  carried  out  the  proficiency  test  (PT)  for  the  analysis  of  the  gross  and  the  net
calorific value as well as for content of ash, carbon, hydrogen, nitrogen, sulphur, analytical
moisture content and volatile matter in fuels in September 2014. Three types of samples were
delivered to the participants; peat, wood pellet and coal. In total, 25 laboratories participated in
the PT. Additionally, the participants were asked to estimate or calculate the emission factor for
peat and coal samples.
The robust means or mean (n<12) of the results reported by the participants were used as the
assigned values for measurements. The uncertainty for the assigned value was estimated at the
95 % confidence interval and it was less than 0.6 % for calorific values and at maximum 15 %
for the other measurements.
The evaluation of the performance was based on the z scores, which were calculated using the
standard deviation for proficiency assessment at 95 % confidence level. The evaluation of
performance was not done for the measurement of Mad in all samples, N in the wood pellet
samples and EF in the peat and coal samples. In this proficiency test 86 %  of  the  data  was
regarded to be satisfactory when the result was accepted to deviate from the assigned value
from 1 to 30 %. About 80 % of the participants used the accredited methods and 93 % of their
results were satisfactory. In measurements of the gross calorific value from the peat, wood
pellet and coal samples, 78 %, 78 % and 88 % of the results were satisfactory, respectively. In
measurements of the net calorific value from the peat, wood pellet and coal samples, 86 %,
79 % and 80 % of the results were satisfactory, respectively. In general the results were in the
same  range  as  in  the  previous  Proftest  SYKE  test  in  2013  [5],  but  the  performance  was
somewhat lower for peat samples in the present PT.
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6 Summary in Finnish
Proftest SYKE järjesti syyskuussa 2014 pätevyyskokeen kalorimetrisen ja tehollisen lämpö-
arvon sekä tuhkan, vedyn, typen, rikin, kosteuden ja haihtuvien yhdisteiden määrittämiseksi
turpeesta, puupelletistä ja kivihiilestä. Lisäksi osallistujilla oli mahdollisuus laskea päästö-
kerroin molemmille testinäytteille.
Pätevyyskokeeseen osallistui yhteensä 25 laboratoriota. Laboratorioiden pätevyyden arviointi
tehtiin z-arvon avulla ja sen laskemisessa käytetyn kokonaishajonnan tavoitearvot olivat
määrityksestä riippuen välillä 1–30 %. Mittaussuureen vertailuarvona käytettiin osallistujien
ilmoittamien tulosten robustia keskiarvoa tai keskiarvoa, jos tuloksia oli vähän (n<12).
Tavoitearvon epävarmuus oli lämpöarvomäärityksissä alhaisempi kuin 0,60 % ja muiden mää-
ritysten osalta korkeintaan 15 %. Tulosten arviointia ei tehty testinäytteiden kosteuspitoisuuden
määritykselle, typen määritykselle turpeesta eikä päästökertoimen laskennalle turpeesta ja
hiilestä.
Koko tulosaineistossa hyväksyttäviä tuloksia oli 86 %, kun vertailuarvosta sallittiin 1–30 %
poikkeama. Noin 80 % osallistujista käytti akkreditoituja määritysmenetelmiä ja näistä
tuloksista oli hyväksyttäviä 93 %. Kalorimetrisen lämpöarvon tuloksista oli hyväksyttäviä 78 %
(turve), 78 % (puupelletti) ja 88 % (kivihiili). Tehollisen lämpöarvon tuloksille vastaavat
hyväksyttävien tulosten osuudet olivat 86 % (turve), 79 % (puupelletti) ja 80 % (kivihiili).
Hyväksyttäviä tuloksia oli lähes saman verran kuin edellisessä vastaavassa pätevyyskokeessa
6/2013 [5], mutta turvenäytteen osalta lämpöarvomäärityksissä menestyminen oli jonkin verran
heikompi.
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: Participants in the proficiency testAPPENDIX 1
Country Participant
Bulgaria AES - 3C Maritza East I Eood Testing laboratory Energy Materials
Solid Fuels Testing Laboratory at Recoal S.A.
TPP "Bobov dol" Coal Laboratory
Czech Republic ALS Czech Republic s.r.o.
Estonia
Eesti Energia Narva Elektrijaamad AS Eesti BEJ Elektrijaama Keemialabor
Eesti Energia Ölitööstus AS Chemical Laboratory
Estonian University of Life Sciences, the laboratory of wood-based biofuels
Finland Ahma ympäristö Oy, Oulu
Ekokem Oy Ab, Riihimäki
Finnsementti Oy / Kemian laboratorio
Helsingin Energia/Salmisaaren voimalaitos, Helsinki
KCL Kymen Laboratorio Oy
Kymenlaakson ammattikorkeakoulu
Labtium Oy, Jyväskylä
METLA/Kannus
Ramboll Finland Oy, Vantaa, Industry and Power Plant Chemistry
SSAB Europe Raahe, Raahe
Vaskiluodon Voima Oy, Seinäjoen voimalaitos
France Eurofins Analyses pour l’Environnement
SOCOR
Ireland Edenderry Power Operations Ltd
Spain LECEM-EP
Sweden Eurofins Environment Testing, Sweden AB, Lidköping
Hjortens Laboratorium AB
SP Technical Research Institute of Sweden
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: Preparation of the samplesAPPENDIX 2
Sample B1, peat
Sample B1 was prepared from peat taken from a Finnish marshland.
The peat was air-dried (35 ºC) and grounded in a mill with a 500 µm sieve at the laboratory of
Labtium. The dried and sieved sample was mixed by a mechanized sample mixer and
distributed to sub-samples of 40-50 g using a rotary sample divider equipped with a vibratory
sample feeder at the laboratory of Water Protection Association of the Kokemäenjoki River.
The particle size distribution of peat was measured by the laboratory of Enas using laser
diffraction (Malvern).
Sample B2, wood pellet
Sample B2 was prepared from barked softwood (spruce and pine) sawdust and molding
shavings. The wood pellets were first crushed with a cutting mill and then grounded by the mill
with  1000  µm  sieve  at  the  laboratory  of  Labtium.  The  sieved  sample  was  mixed  by  a
mechanized sample mixer and distributed to subsamples of 30 g using a rotary sample divider
equipped with a vibratory sample feeder at the laboratory of Water Protection Association of
the Kokemäenjoki River.
Sample K1, steam coal fuel
Sample  K1 was  a  Polish  duff  coal.  The  coal  was  dried  at  room temperature  and  grounded to
particle size < 212 µm at the Helsinki Energy. The dried and sieved sample was mixed by a
mechanized sample mixer and distributed into subsamples of 40-50 g using a rotary sample
divider equipped with a vibratory sample feeder at the laboratory the laboratory of Water
Protection Association of the Kokemäenjoki River. The particle size distribution of coal was
measured by the Helsinki Energia, Power Plant Chemistry using laser diffraction (Malvern).
APPENDIX 3 (1/2)
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: Homogeneity of the samplesAPPENDIX 3
Homogeneity was tested from duplicate measurements of calorific value and ash content in ten
(KI),  eight  (B2)  and  six  (B1)  samples,  which  were  homogenised  before  sampling  (Table  1).
Additionally, nitrogen from six samples was tested. The analytical variation san and the
sampling variation ssam was calculated using one-way variance analysis. For this proficiency
test, the analytical results were statistically handled according to the IUPAC guidelines for the
treatment of homogeneity testing data and the total standard deviation for proficiency
assessment [3, 4].
Table 1. Results from the homogeneity testing of the peat (B1), pellet (B2) and coal (K1)
samples.
Measurements Mean sh% sp% sh san san/sh Issan/sp<0.5? ssam ssam
2 c Isssam2<c?
Peat (B1)
Gross calorific
value, J/g 21368 0.5 0.7 107 44.7 0.41 yes 11.7 137 5503 yes
Ash, w-% 4.51 3.4 3.0 0.15 0.08 0.50 yes 0.07 0.004 0.01 yes
Pellet (B2)
Gross calorific
value, J/g 19959 0.75 0.75 150 66.6 0.45 yes 36.1 1305 10432 yes
Ash, w-% 0.33 8 15 0.03 0.01 0.48 yes 0 0 0.003 yes
Coal (K1)
Gross calorific
value, J/g 28228 0.3 0.7 84.6 34 0.40 yes 46.4 2157 2380 yes
Ash, w-% 18.2 0,9 1.25 0.16 0.04 0.27 yes 0.08 0.006 0.007 yes
where,
sp% standard deviation for proficiency assessment as percent, (total standard deviation
divided by 2)
sh%, sh standard deviation for testing of homogeneity
san analytical deviation, standard deviation of results in a sub sample
ssam between-sample deviation, standard deviation of results between sub samples
c = F1·sall2 + F2·sa2
where:
sall2 = (0.3·sp)2
F1 = 1.88/ 2.01/ 2.21; F2 = 1.01/1.25/1.69, when the number of sub samples is 10/8/6,
 respectively.
Conclusion: In each case, the criteria were fulfilled with the exception of ash content in the
peat sample (B1). In this case, the standard deviation for testing of homogeneity was higher
than standard deviation for proficiency assessment. The analytical variation of ash content (B1)
in the homogeneity test  was higher than in the results of the proficiency test,  thus the sample
was considered to be as homogenous. Also the results of t nitrogen in the peat and coal samples
basically support the homogeneity of samples. Thus, all the samples could be regarded as
homogenous.
APPENDIX 3 (2/2)
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Particle size
To  test  the  particle  size  of  peat  (B1)  and  coal  (K1)  samples  tested  using  laser  diffraction
(Malvern).
Figure 1 is showing the distribution of particle size for the samples B1 and K1. For peat sample
B1 the mean size of particles was 166 µm and ca. 96 % of the particles were smaller than 550
µm. For coal sample K1 the mean size of particles was 52.5 µm and 96.6 % of the particles
were smaller than 212 µm. The requirements of particle sizes given in the international
standards were not totally fulfilled for the tested material [6, 7]. However, based on the result
of this PT this seems not to be influenced to the performance of the participants.
a) The particle size distribution of peat B1.
b) The particle size distribution of coal K1.
Figure 1. The particle size distribution of the fuel samples a) the peat and b) the coal sample.
APPENDIX 4 (1/1)
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: Feedback from the proficiency testAPPENDIX 4
Participant Comments to the results Action / Proftest
2 The participant reported erroneously the
results for the gross and net calorific value
in the all samples and for Mad in the
sample B2.
The results of calorific values were outliers in the
statistical treatment, and so they have not
affected the performance evaluation. If the
results had been reported rightly, they would
have been satisfactory.
The participant can re-calculate z scores
according to the guide for participating
laboratories in Proftest proficiency testing
schemes [4].
21 The participant reported erroneously the
results for the gross and net calorific value
in the all samples.
The results of calorific values were outliers in the
statistical treatment, and so they have not
affected the performance evaluation. If the
results had been reported rightly, they would
have been satisfactory.
The participant can re-calculate z scores
according to the guide for participating
laboratories in Proftest proficiency testing
schemes [4].
28 The participant reported erroneously the
results for the gross calorific value in the
peat (B1) sample.
The result of calorific value was outlier in the
statistical treatment, and so it has not affected
the performance evaluation. If the result had
been reported rightly, it would have been
satisfactory.
The participant can re-calculate the z score
according to the guide for participating
laboratories in Proftest proficiency testing
schemes [4].
FEEDBACK TO THE PARTICIPANTS
Participant Comments
5, 7 The participants reported only one result instead of replicate results for some test analytes.
The participants should follow more carefully the instructions given by the provider. The
results have been excluded from the calculation of the assigned values.
10 The participant is accredited but did not report the measurement uncertainties with the
reported results. Participants should have determined the measurement uncertainties for all
accredited methods.
7, 15, 16 Some of the results of the participants were Cochran outliers due to large difference between
the parallel results. It is recommended that they should re-evaluate the allowed differences
between the parallel results: Participant 7 for Ash in peat samples; participant 15 for Ash in
wood pellet sample and for S in peat and coal sample, and participant 16 for Ash in wood
pellet sample.
APPENDIX 5 (1/1)
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: Evaluation of the assigned values and their uncertaintiesAPPENDIX 5
Analyte Sample Unit Assignedvalue
Expanded
uncertainty
Expanded
uncertainty, %
Evaluation method
of assigned value u/sp
Ash,d B1 w% 4.58 0.07 1.5 Robust mean 0.3
B2 w% 0.27 0.04 15.0 Robust mean 0.5
K1 w% 18.1 0.2 0.9 Robust mean 0.4
C,d B1 w% 53.3 0.5 0.9 Mean 0.3
B2 w% 50.4 0.3 0.6 Mean 0.2
K1 w% 69.6 0.6 0.8 Robust mean 0.3
EF B1 t CO2/TJ 108.6 - - Mean -
K1 t CO2/TJ 94.2 - - Mean -
H,d B1 w% 5.45 0.16 3.0 Mean 0.4
B2 w% 6.04 0.1 1.8 Mean 0.3
K1 w% 4.18 0.07 1.6 Mean 0.3
Mad,d B1 w% 12.8 - - Robust mean -
B2 w% 7.29 - - Robust mean -
K1 w% 1.66 - - Robust mean -
N,d B1 w% 1.16 0.03 3.0 Mean 0.3
B2 w% 0.12 - - Mean
K1 w% 1.16 0.05 4.0 Mean 0.4
q-p,net,d B1 J/g 20174 101 0.5 Robust mean 0.3
B2 J/g 18882 94 0.5 Robust mean 0.3
K1 J/g 27320 82 0.3 Robust mean 0.3
q-V,gr,d B1 J/g 21355 85 0.4 Robust mean 0.3
B2 J/g 20203 101 0.5 Robust mean 0.3
K1 J/g 28209 56 0.2 Robust mean 0.2
S,d B1 w% 0.14 0.01 9.8 Robust mean 0.4
K1 w% 0.63 0.02 3.6 Robust mean 0.2
Vdb B1 w% 69.5 0.4 0.6 Mean 0.2
B2 w% 85.0 0.3 0.4 Mean 0.1
K1 w% 27.0 0.3 1.1 Robust mean 0.4
Criterion for reliability of the assigned value u/sp < 0.3, where:
sp= target value of the standard deviation for proficiency assessment
u = standard uncertainty of the assigned value
APPENDIX 6 (1/1)
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: Terms in the results tablesAPPENDIX 6
Results of each participant
Analyte The tested parameter
Sample The code of the sample
z score Calculated as follows:
z = (xi - X)/sp, where
xi = the result of the individual laboratory
X = the reference value (the assigned value)
sp = the target value of the standard deviation for proficiency
assessment
Assigned value The reference value
2× sp % The target value of total standard deviation for proficiency assessment
(sp) at the 95 % confidence level
Lab’s result The result reported by the participant (the mean value of the replicates)
Md Median
Mean Mean
SD Standard deviation
SD% Standard deviation, %
n (stat) Number of results in statistical processing
Summary on the z scores
S – satisfactory ( -2 £ z £ 2)
Q – questionable ( 2< z < 3), positive error, the result deviates more than 2 · sp from the assigned value
q – questionable ( -3 < z < -2), negative error, the result deviates more than 2 · sp from the assigned value
U – unsatisfactory (z ≥ 3), positive error, the result deviates more than 3 · sp from the assigned value
u – unsatisfactory (z ≤ -3), negative error, the result deviates more than 3 · sp from the assigned value
Robust analysis
The items of data are sorted into increasing order, x1, x2, xi,…,xp.
Initial values for x* and s* are calculated as:
x*  = median of xi (i = 1, 2, ....,p)
s*  = 1,483 · median of ׀xi – x*׀ (i = 1, 2, ....,p)
The mean x* and s* are updated as follows:
Calculate  φ = 1.5 · s*. A new value is then calculated for each result xi (i = 1, 2 …p):
{ x* - φ, if xi  < x*  - φ
xi* = { x* + φ,  if xi > x*  + φ,
{ xi otherwise
The new values of x* and s* are calculated from:
The robust estimates x* and s* can be derived by an iterative calculation, i.e. by updating the values of x*
and s* several times, until the process convergences [2].
pxx i /
** å=
å --= *** )1/()(134.1 2 pxxs i
APPENDIX 7 (1/10)
Proftest SYKE CAL / 14 / 06   29
: Results of each participantAPPENDIX 7
Participant 2
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 1.019 4.58 6 4.72 4.60 4.57 0.1 2.3 18
w% B2 1.975 0.27 30 0.35 0.28 0.27 0.0 17.7 15
w% K1 3.050 18.1 2.5 18.8 18.1 18.1 0.2 1.2 16
Mad,d w% B1 12.8 13.0 12.8 12.7 0.3 2.0 15
w% B2 7.29 47.93 7.27 7.27 0.2 3.3 15
w% K1 1.66 1.15 1.75 1.78 0.1 7.7 18
q-p,net,d J/g B1 6.248 20174 1.8 21309 20165 20174 120.6 0.6 12
J/g B2 7.447 18882 1.8 20148 18887 18860 114.3 0.6 12
J/g K1 4.505 27320 1.2 28059 27344 27335 91.4 0.3 13
q-V,gr,d J/g B1 -8.673 21355 1.4 20059 21327 21351 113.1 0.5 14
J/g B2 -9.104 20203 1.5 18824 20214 20205 156.0 0.8 15
J/g K1 -8.026 28209 1 27077 28247 28201 88.1 0.3 15
Participant 3
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 -0.590 4.58 6 4.50 4.60 4.57 0.1 2.3 18
w% B2 -0.580 0.27 30 0.25 0.28 0.27 0.0 17.7 15
w% K1 -0.144 18.1 2.5 18.1 18.1 18.1 0.2 1.2 16
C,d w% B1 0.438 53.3 3 53.7 53.6 53.3 0.8 1.5 11
w% B2 0.611 50.4 2.5 50.8 50.6 50.4 0.5 1.0 11
w% K1 0.230 69.6 2.5 69.8 69.8 69.7 0.9 1.3 14
EF t CO2/TJ B1 108.6 109.2 108.5 108.6 1.1 1.0 5
t CO2/TJ K1 94.2 94.2 94.2 94.2 0.2 0.2 4
H,d w% B1 0.372 5.45 7 5.52 5.38 5.45 0.2 4.5 9
w% B2 -0.155 6.04 6 6.0 6.0 6.0 0.2 2.9 10
w% K1 -0.351 4.18 6 4.14 4.15 4.18 0.1 2.5 10
Mad,d w% B1 12.8 12.8 12.8 12.7 0.3 2.0 15
w% B2 7.29 7.49 7.27 7.27 0.2 3.3 15
w% K1 1.66 1.76 1.75 1.78 0.1 7.7 18
N,d w% B1 1.198 1.16 10 1.23 1.16 1.16 0.0 4.0 7
w% B2 0.12 0.13 0.07 0.12 0.1 98.0 6
w% K1 0.922 1.16 10 1.21 1.17 1.16 0.1 6.0 9
q-p,net,d J/g B1 -0.201 20174 1.8 20138 20165 20174 120.6 0.6 12
J/g B2 -0.435 18882 1.8 18808 18887 18860 114.3 0.6 12
J/g K1 0.421 27320 1.2 27389 27344 27335 91.4 0.3 13
q-V,gr,d J/g B1 -0.144 21355 1.4 21334 21327 21351 113.1 0.5 14
J/g B2 -0.574 20203 1.5 20116 20214 20205 156.0 0.8 15
J/g K1 0.397 28209 1 28265 28247 28201 88.1 0.3 15
S,d w% B1 0.114 0.14 25 0.14 0.14 0.14 0.0 14.1 12
w% K1 -0.255 0.63 15 0.62 0.62 0.62 0.1 8.5 17
Vdb w% B1 -0.146 69.5 3 69.3 69.4 69.5 0.6 0.8 9
w% B2 -0.349 85.0 3 84.6 85.0 85.0 0.6 0.7 10
w% K1 0.573 27.0 3 27.2 26.9 27.0 0.4 1.6 13
-3 0 3
-3 0 3
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Participant 4
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 -0.073 4.58 6 4.57 4.60 4.57 0.1 2.3 18
w% B2 -2.469 0.27 30 0.17 0.28 0.27 0.0 17.7 15
Mad,d w% B1 12.8 13.0 12.8 12.7 0.3 2.0 15
w% B2 7.29 7.27 7.27 7.27 0.2 3.3 15
q-p,net,d J/g B1 -0.267 20174 1.8 20126 20165 20174 120.6 0.6 12
J/g B2 -0.359 18882 1.8 18821 18887 18860 114.3 0.6 12
q-V,gr,d J/g B1 -0.090 21355 1.4 21342 21327 21351 113.1 0.5 14
J/g B2 -0.224 20203 1.5 20169 20214 20205 156.0 0.8 15
Participant 5
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B2 -1.802 0.27 30 0.20 0.28 0.27 0.0 17.7 15
w% K1 -0.793 18.1 2.5 17.9 18.1 18.1 0.2 1.2 16
C,d w% B2 0.410 50.4 2.5 50.7 50.6 50.4 0.5 1.0 11
w% K1 -0.237 69.6 2.5 69.4 69.8 69.7 0.9 1.3 14
EF t CO2/TJ K1 94.2 93.9 94.2 94.2 0.2 0.2 4
H,d w% B2 -0.384 6.04 6 6.0 6.0 6.0 0.2 2.9 10
w% K1 -0.500 4.18 6 4.12 4.15 4.18 0.1 2.5 10
Mad,d w% B2 7.29 7.30 7.27 7.27 0.2 3.3 15
w% K1 1.66 1.71 1.75 1.78 0.1 7.7 18
N,d w% K1 -2.233 1.16 10 1.03 1.17 1.16 0.1 6.0 9
q-p,net,d J/g B2 0.614 18882 1.8 18986 18887 18860 114.3 0.6 12
J/g K1 0.081 27320 1.2 27333 27344 27335 91.4 0.3 13
q-V,gr,d J/g B2 0.459 20203 1.5 20273 20214 20205 156.0 0.8 15
J/g K1 0.456 28209 1 28273 28247 28201 88.1 0.3 15
S,d w% K1 0.380 0.63 15 0.65 0.62 0.62 0.1 8.5 17
Vdb w% B2 0.422 85.0 3 85.5 85.0 85.0 0.6 0.7 10
w% K1 1.976 27.0 3 27.8 26.9 27.0 0.4 1.6 13
Participant 6
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% K1 -1.238 18.1 2.5 17.8 18.1 18.1 0.2 1.2 16
C,d w% K1 0.885 69.6 2.5 70.4 69.8 69.7 0.9 1.3 14
Mad,d w% K1 1.66 1.78 1.75 1.78 0.1 7.7 18
q-p,net,d J/g K1 0.217 27320 1.2 27356 27344 27335 91.4 0.3 13
q-V,gr,d J/g K1 0.323 28209 1 28255 28247 28201 88.1 0.3 15
S,d w% K1 -0.275 0.63 15 0.62 0.62 0.62 0.1 8.5 17
Vdb w% K1 -0.864 27.0 3 26.7 26.9 27.0 0.4 1.6 13
Participant 7
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 0.837 4.58 6 4.70 4.60 4.57 0.1 2.3 18
w% B2 0.284 0.27 30 0.28 0.28 0.27 0.0 17.7 15
Mad,d w% B1 12.8 14.0 12.8 12.7 0.3 2.0 15
w% B2 7.29 8.52 7.27 7.27 0.2 3.3 15
q-p,net,d J/g B1 0.771 20174 1.8 20314 20165 20174 120.6 0.6 12
J/g B2 0.327 18882 1.8 18938 18887 18860 114.3 0.6 12
-3 0 3
-3 0 3
-3 0 3
-3 0 3
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Participant 7
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
q-V,gr,d J/g B1 0.776 21355 1.4 21471 21327 21351 113.1 0.5 14
J/g B2 0.244 20203 1.5 20240 20214 20205 156.0 0.8 15
Participant 8
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 0.873 4.58 6 4.70 4.60 4.57 0.1 2.3 18
Mad,d w% B1 12.8 12.5 12.8 12.7 0.3 2.0 15
q-p,net,d J/g B1 -0.581 20174 1.8 20069 20165 20174 120.6 0.6 12
q-V,gr,d J/g B1 -0.338 21355 1.4 21305 21327 21351 113.1 0.5 14
Participant 9
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 -0.109 4.58 6 4.57 4.60 4.57 0.1 2.3 18
w% B2 -0.494 0.27 30 0.25 0.28 0.27 0.0 17.7 15
Mad,d w% B1 12.8 12.6 12.8 12.7 0.3 2.0 15
w% B2 7.29 6.71 7.27 7.27 0.2 3.3 15
q-p,net,d J/g B1 -1.135 20174 1.8 19968 20165 20174 120.6 0.6 12
J/g B2 -1.421 18882 1.8 18641 18887 18860 114.3 0.6 12
q-V,gr,d J/g B1 -0.866 21355 1.4 21226 21327 21351 113.1 0.5 14
J/g B2 -1.693 20203 1.5 19947 20214 20205 156.0 0.8 15
S,d w% B1 -1.486 0.14 25 0.11 0.14 0.14 0.0 14.1 12
Participant 10
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 -0.546 4.58 6 4.51 4.60 4.57 0.1 2.3 18
w% B2 0.494 0.27 30 0.29 0.28 0.27 0.0 17.7 15
w% K1 1.702 18.1 2.5 18.5 18.1 18.1 0.2 1.2 16
C,d w% B1 0.982 53.3 3 54.1 53.6 53.3 0.8 1.5 11
w% B2 0.960 50.4 2.5 51.0 50.6 50.4 0.5 1.0 11
w% K1 -8.351 69.6 2.5 62.3 69.8 69.7 0.9 1.3 14
EF t CO2/TJ B1 108.6 110.0 108.5 108.6 1.1 1.0 5
t CO2/TJ K1 94.2 84.5 94.2 94.2 0.2 0.2 4
H,d w% B1 -1.258 5.45 7 5.21 5.38 5.45 0.2 4.5 9
w% B2 -0.993 6.04 6 5.9 6.0 6.0 0.2 2.9 10
w% K1 0.797 4.18 6 4.28 4.15 4.18 0.1 2.5 10
Mad,d w% B1 12.8 13.0 12.8 12.7 0.3 2.0 15
w% B2 7.29 7.34 7.27 7.27 0.2 3.3 15
w% K1 1.66 1.71 1.75 1.78 0.1 7.7 18
N,d w% B1 -0.259 1.16 10 1.15 1.16 1.16 0.0 4.0 7
w% B2 0.12 0.06 0.07 0.12 0.1 98.0 6
w% K1 -0.966 1.16 10 1.10 1.17 1.16 0.1 6.0 9
q-p,net,d J/g B1 0.011 20174 1.8 20176 20165 20174 120.6 0.6 12
J/g B2 0.665 18882 1.8 18995 18887 18860 114.3 0.6 12
J/g K1 -0.153 27320 1.2 27295 27344 27335 91.4 0.3 13
q-V,gr,d J/g B1 -0.301 21355 1.4 21310 21327 21351 113.1 0.5 14
J/g B2 0.459 20203 1.5 20273 20214 20205 156.0 0.8 15
J/g K1 0.039 28209 1 28215 28247 28201 88.1 0.3 15
-3 0 3
-3 0 3
-3 0 3
-3 0 3
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Participant 10
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
S,d w% B1 -0.171 0.14 25 0.14 0.14 0.14 0.0 14.1 12
w% K1 0.444 0.63 15 0.65 0.62 0.62 0.1 8.5 17
Participant 11
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 4.767 4.58 6 5.24 4.60 4.57 0.1 2.3 18
w% B2 3.333 0.27 30 0.41 0.28 0.27 0.0 17.7 15
w% K1 0.928 18.1 2.5 18.3 18.1 18.1 0.2 1.2 16
C,d w% B1 0.732 53.3 3 53.9 53.6 53.3 0.8 1.5 11
w% B2 0.254 50.4 2.5 50.6 50.6 50.4 0.5 1.0 11
w% K1 0.276 69.6 2.5 69.8 69.8 69.7 0.9 1.3 14
EF t CO2/TJ B1 108.6 108.4 108.5 108.6 1.1 1.0 5
t CO2/TJ K1 94.2 94.3 94.2 94.2 0.2 0.2 4
H,d w% B1 -1.114 5.45 7 5.24 5.38 5.45 0.2 4.5 9
w% B2 0.304 6.04 6 6.1 6.0 6.0 0.2 2.9 10
w% K1 -0.961 4.18 6 4.06 4.15 4.18 0.1 2.5 10
Mad,d w% B1 12.8 13.1 12.8 12.7 0.3 2.0 15
w% B2 7.29 7.61 7.27 7.27 0.2 3.3 15
w% K1 1.66 2.02 1.75 1.78 0.1 7.7 18
N,d w% B1 0.034 1.16 10 1.16 1.16 1.16 0.0 4.0 7
w% B2 0.12 0.05 0.07 0.12 0.1 98.0 6
w% K1 -0.440 1.16 10 1.13 1.17 1.16 0.1 6.0 9
q-p,net,d J/g B1 1.046 20174 1.8 20364 20165 20174 120.6 0.6 12
J/g B2 0.029 18882 1.8 18887 18887 18860 114.3 0.6 12
J/g K1 0.442 27320 1.2 27393 27344 27335 91.4 0.3 13
q-V,gr,d J/g B1 0.990 21355 1.4 21503 21327 21351 113.1 0.5 14
J/g B2 0.069 20203 1.5 20214 20214 20205 156.0 0.8 15
J/g K1 0.351 28209 1 28259 28247 28201 88.1 0.3 15
S,d w% B1 0.743 0.14 25 0.15 0.14 0.14 0.0 14.1 12
w% K1 -0.836 0.63 15 0.59 0.62 0.62 0.1 8.5 17
Vdb w% B1 -0.082 69.5 3 69.4 69.4 69.5 0.6 0.8 9
w% B2 0.404 85.0 3 85.5 85.0 85.0 0.6 0.7 10
w% K1 -0.198 27.0 3 26.9 26.9 27.0 0.4 1.6 13
Participant 12
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 0.546 4.58 6 4.66 4.60 4.57 0.1 2.3 18
w% B2 -0.247 0.27 30 0.26 0.28 0.27 0.0 17.7 15
w% K1 -1.171 18.1 2.5 17.8 18.1 18.1 0.2 1.2 16
C,d w% B1 0.369 53.3 3 53.6 53.6 53.3 0.8 1.5 11
w% B2 0.143 50.4 2.5 50.5 50.6 50.4 0.5 1.0 11
w% K1 0.000 69.6 2.5 69.6 69.8 69.7 0.9 1.3 14
EF t CO2/TJ B1 108.6 108.5 108.5 108.6 1.1 1.0 5
t CO2/TJ K1 94.2 94.1 94.2 94.2 0.2 0.2 4
H,d w% B1 0.878 5.45 7 5.62 5.38 5.45 0.2 4.5 9
w% B2 0.508 6.04 6 6.1 6.0 6.0 0.2 2.9 10
w% K1 0.877 4.18 6 4.29 4.15 4.18 0.1 2.5 10
-3 0 3
-3 0 3
-3 0 3
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Participant 12
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Mad,d w% B1 12.8 12.3 12.8 12.7 0.3 2.0 15
w% B2 7.29 7.17 7.27 7.27 0.2 3.3 15
w% K1 1.66 1.81 1.75 1.78 0.1 7.7 18
N,d w% B1 0.276 1.16 10 1.18 1.16 1.16 0.0 4.0 7
w% B2 0.12 0.08 0.07 0.12 0.1 98.0 6
w% K1 0.466 1.16 10 1.19 1.17 1.16 0.1 6.0 9
q-p,net,d J/g B1 0.344 20174 1.8 20237 20165 20174 120.6 0.6 12
J/g B2 0.453 18882 1.8 18959 18887 18860 114.3 0.6 12
J/g K1 0.217 27320 1.2 27356 27344 27335 91.4 0.3 13
q-V,gr,d J/g B1 0.686 21355 1.4 21458 21327 21351 113.1 0.5 14
J/g B2 0.607 20203 1.5 20295 20214 20205 156.0 0.8 15
J/g K1 0.450 28209 1 28273 28247 28201 88.1 0.3 15
S,d w% B1 0.143 0.14 25 0.14 0.14 0.14 0.0 14.1 12
w% K1 0.402 0.63 15 0.65 0.62 0.62 0.1 8.5 17
Vdb w% B1 0.101 69.5 3 69.6 69.4 69.5 0.6 0.8 9
w% B2 -0.071 85.0 3 84.9 85.0 85.0 0.6 0.7 10
w% K1 -0.469 27.0 3 26.8 26.9 27.0 0.4 1.6 13
Participant 13
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% K1 0.000 18.1 2.5 18.1 18.1 18.1 0.2 1.2 16
C,d w% K1 2.270 69.6 2.5 71.6 69.8 69.7 0.9 1.3 14
Mad,d w% K1 1.66 1.68 1.75 1.78 0.1 7.7 18
q-p,net,d J/g K1 -0.296 27320 1.2 27272 27344 27335 91.4 0.3 13
q-V,gr,d J/g K1 -0.500 28209 1 28139 28247 28201 88.1 0.3 15
S,d w% K1 0.370 0.63 15 0.65 0.62 0.62 0.1 8.5 17
Vdb w% K1 -0.333 27.0 3 26.9 26.9 27.0 0.4 1.6 13
Participant 14
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% K1 -0.110 18.1 2.5 18.1 18.1 18.1 0.2 1.2 16
Mad,d w% K1 1.66 1.66 1.75 1.78 0.1 7.7 18
q-p,net,d J/g K1 -2.297 27320 1.2 26944 27344 27335 91.4 0.3 13
q-V,gr,d J/g K1 -0.535 28209 1 28134 28247 28201 88.1 0.3 15
S,d w% K1 2.339 0.63 15 0.74 0.62 0.62 0.1 8.5 17
Vdb w% K1 0.037 27.0 3 27.0 26.9 27.0 0.4 1.6 13
Participant 15
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 -1.710 4.58 6 4.35 4.60 4.57 0.1 2.3 18
w% B2 0.864 0.27 30 0.31 0.28 0.27 0.0 17.7 15
w% K1 0.773 18.1 2.5 18.3 18.1 18.1 0.2 1.2 16
Mad,d w% B1 12.8 12.4 12.8 12.7 0.3 2.0 15
w% B2 7.29 7.17 7.27 7.27 0.2 3.3 15
w% K1 1.66 1.82 1.75 1.78 0.1 7.7 18
q-V,gr,d J/g B1 -3.786 21355 1.4 20789 21327 21351 113.1 0.5 14
J/g B2 -0.439 20203 1.5 20137 20214 20205 156.0 0.8 15
J/g K1 0.599 28209 1 28294 28247 28201 88.1 0.3 15
-3 0 3
-3 0 3
-3 0 3
-3 0 3
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Participant 15
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
S,d w% B1 -4.086 0.14 25 0.07 0.14 0.14 0.0 14.1 12
w% K1 -2.402 0.63 15 0.52 0.62 0.62 0.1 8.5 17
Vdb w% B1 13.031 69.5 3 83.1 69.4 69.5 0.6 0.8 9
w% B2 2.965 85.0 3 88.8 85.0 85.0 0.6 0.7 10
w% K1 -1.901 27.0 3 26.2 26.9 27.0 0.4 1.6 13
Participant 16
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 -1.201 4.58 6 4.42 4.60 4.57 0.1 2.3 18
w% B2 -2.963 0.27 30 0.15 0.28 0.27 0.0 17.7 15
w% K1 1.238 18.1 2.5 18.4 18.1 18.1 0.2 1.2 16
C,d w% B1 0.394 53.3 3 53.6 53.6 53.3 0.8 1.5 11
w% B2 0.405 50.4 2.5 50.7 50.6 50.4 0.5 1.0 11
w% K1 -0.454 69.6 2.5 69.2 69.8 69.7 0.9 1.3 14
H,d w% B1 -0.996 5.45 7 5.26 5.38 5.45 0.2 4.5 9
w% B2 -0.993 6.04 6 5.9 6.0 6.0 0.2 2.9 10
w% K1 -0.080 4.18 6 4.17 4.15 4.18 0.1 2.5 10
Mad,d w% B1 12.8 13.0 12.8 12.7 0.3 2.0 15
w% B2 7.29 7.43 7.27 7.27 0.2 3.3 15
w% K1 1.66 1.75 1.75 1.78 0.1 7.7 18
N,d w% B1 -0.259 1.16 10 1.15 1.16 1.16 0.0 4.0 7
w% B2 0.12 <0.03 0.07 0.12 0.1 98.0 6
w% K1 0.172 1.16 10 1.17 1.17 1.16 0.1 6.0 9
q-p,net,d J/g B1 0.262 20174 1.8 20222 20165 20174 120.6 0.6 12
J/g B2 2.510 18882 1.8 19309 18887 18860 114.3 0.6 12
J/g K1 0.476 27320 1.2 27398 27344 27335 91.4 0.3 13
q-V,gr,d J/g B1 -0.331 21355 1.4 21306 21327 21351 113.1 0.5 14
J/g B2 2.062 20203 1.5 20516 20214 20205 156.0 0.8 15
J/g K1 0.340 28209 1 28257 28247 28201 88.1 0.3 15
S,d w% K1 -0.212 0.63 15 0.62 0.62 0.62 0.1 8.5 17
Vdb w% B1 -0.926 69.5 3 68.5 69.4 69.5 0.6 0.8 9
w% B2 -0.925 85.0 3 83.8 85.0 85.0 0.6 0.7 10
w% K1 3.716 27.0 3 28.5 26.9 27.0 0.4 1.6 13
Participant 17
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 0.109 4.58 6 4.60 4.60 4.57 0.1 2.3 18
w% B2 -0.988 0.27 30 0.23 0.28 0.27 0.0 17.7 15
C,d w% B1 -0.131 53.3 3 53.2 53.6 53.3 0.8 1.5 11
w% B2 -0.254 50.4 2.5 50.2 50.6 50.4 0.5 1.0 11
H,d w% B1 -0.367 5.45 7 5.38 5.38 5.45 0.2 4.5 9
w% B2 -0.911 6.04 6 5.9 6.0 6.0 0.2 2.9 10
Mad,d w% B1 12.8 12.9 12.8 12.7 0.3 2.0 15
w% B2 7.29 7.45 7.27 7.27 0.2 3.3 15
N,d w% B1 -1.293 1.16 10 1.09 1.16 1.16 0.0 4.0 7
w% B2 0.12 0.09 0.07 0.12 0.1 98.0 6
q-p,net,d J/g B1 -0.116 20174 1.8 20153 20165 20174 120.6 0.6 12
J/g B2 -0.953 18882 1.8 18720 18887 18860 114.3 0.6 12
-3 0 3
-3 0 3
-3 0 3
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Participant 17
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
q-V,gr,d J/g B1 -0.629 21355 1.4 21261 21327 21351 113.1 0.5 14
J/g B2 -1.802 20203 1.5 19930 20214 20205 156.0 0.8 15
S,d w% B1 -2.657 0.14 25 0.09 0.14 0.14 0.0 14.1 12
Vdb w% B1 1.055 69.5 3 70.6 69.4 69.5 0.6 0.8 9
w% B2 0.667 85.0 3 85.9 85.0 85.0 0.6 0.7 10
Participant 18
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 -0.983 4.58 6 4.45 4.60 4.57 0.1 2.3 18
w% B2 -1.852 0.27 30 0.20 0.28 0.27 0.0 17.7 15
C,d w% B1 0.869 53.3 3 54.0 53.6 53.3 0.8 1.5 11
q-V,gr,d J/g B1 1.057 21355 1.4 21513 21327 21351 113.1 0.5 14
J/g B2 1.637 20203 1.5 20451 20214 20205 156.0 0.8 15
S,d w% B1 0.229 0.14 25 0.14 0.14 0.14 0.0 14.1 12
Participant 19
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 0.146 4.58 6 4.60 4.60 4.57 0.1 2.3 18
w% B2 0.123 0.27 30 0.28 0.28 0.27 0.0 17.7 15
w% K1 1.878 18.1 2.5 18.5 18.1 18.1 0.2 1.2 16
C,d w% B1 0.650 53.3 3 53.8 53.6 53.3 0.8 1.5 11
w% B2 0.579 50.4 2.5 50.8 50.6 50.4 0.5 1.0 11
w% K1 -0.477 69.6 2.5 69.2 69.8 69.7 0.9 1.3 14
H,d w% B1 -1.048 5.45 7 5.25 5.38 5.45 0.2 4.5 9
w% B2 -0.221 6.04 6 6.0 6.0 6.0 0.2 2.9 10
w% K1 -0.638 4.18 6 4.10 4.15 4.18 0.1 2.5 10
Mad,d w% B1 12.8 13.6 12.8 12.7 0.3 2.0 15
w% B2 7.29 7.58 7.27 7.27 0.2 3.3 15
w% K1 1.66 1.75 1.75 1.78 0.1 7.7 18
N,d w% B1 0.767 1.16 10 1.20 1.16 1.16 0.0 4.0 7
w% B2 0.12 0.05 0.07 0.12 0.1 98.0 6
w% K1 -0.353 1.16 10 1.14 1.17 1.16 0.1 6.0 9
q-p,net,d J/g B1 0.713 20174 1.8 20304 20165 20174 120.6 0.6 12
J/g B2 0.188 18882 1.8 18914 18887 18860 114.3 0.6 12
J/g K1 -0.308 27320 1.2 27270 27344 27335 91.4 0.3 13
q-V,gr,d J/g B1 0.612 21355 1.4 21447 21327 21351 113.1 0.5 14
J/g B2 0.089 20203 1.5 20217 20214 20205 156.0 0.8 15
J/g K1 -0.454 28209 1 28145 28247 28201 88.1 0.3 15
S,d w% B1 -0.514 0.14 25 0.13 0.14 0.14 0.0 14.1 12
w% K1 -0.296 0.63 15 0.62 0.62 0.62 0.1 8.5 17
Vdb w% B1 0.082 69.5 3 69.6 69.4 69.5 0.6 0.8 9
w% B2 -0.263 85.0 3 84.7 85.0 85.0 0.6 0.7 10
w% K1 0.605 27.0 3 27.2 26.9 27.0 0.4 1.6 13
-3 0 3
-3 0 3
-3 0 3
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Participant 20
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B2 0.654 0.27 30 0.30 0.28 0.27 0.0 17.7 15
C,d w% B2 -0.635 50.4 2.5 50.0 50.6 50.4 0.5 1.0 11
Mad,d w% B2 7.29 7.22 7.27 7.27 0.2 3.3 15
q-V,gr,d J/g B2 -3.983 20203 1.5 19600 20214 20205 156.0 0.8 15
Participant 21
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 0.218 4.58 6 4.61 4.60 4.57 0.1 2.3 18
w% B2 0.988 0.27 30 0.31 0.28 0.27 0.0 17.7 15
w% K1 -0.442 18.1 2.5 18.0 18.1 18.1 0.2 1.2 16
C,d w% B1 -1.226 53.3 3 52.3 53.6 53.3 0.8 1.5 11
w% B2 -1.810 50.4 2.5 49.3 50.6 50.4 0.5 1.0 11
w% K1 -2.293 69.6 2.5 67.6 69.8 69.7 0.9 1.3 14
H,d w% B1 0.726 5.45 7 5.59 5.38 5.45 0.2 4.5 9
w% B2 0.767 6.04 6 6.2 6.0 6.0 0.2 2.9 10
w% K1 -0.694 4.18 6 4.09 4.15 4.18 0.1 2.5 10
Mad,d w% B1 12.8 12.7 12.8 12.7 0.3 2.0 15
w% B2 7.29 6.93 7.27 7.27 0.2 3.3 15
w% K1 1.66 1.21 1.75 1.78 0.1 7.7 18
N,d w% B1 4.560 1.16 10 1.42 1.16 1.16 0.0 4.0 7
w% B2 0.12 0.36 0.07 0.12 0.1 98.0 6
w% K1 0.897 1.16 10 1.21 1.17 1.16 0.1 6.0 9
q-p,net,d J/g B1 5.882 20174 1.8 21242 20165 20174 120.6 0.6 12
J/g B2 6.941 18882 1.8 20062 18887 18860 114.3 0.6 12
J/g K1 3.993 27320 1.2 27975 27344 27335 91.4 0.3 13
q-V,gr,d J/g B1 -8.456 21355 1.4 20091 21327 21351 113.1 0.5 14
J/g B2 -9.335 20203 1.5 18789 20214 20205 156.0 0.8 15
J/g K1 -7.639 28209 1 27132 28247 28201 88.1 0.3 15
S,d w% B1 0.886 0.14 25 0.16 0.14 0.14 0.0 14.1 12
w% K1 -2.180 0.63 15 0.53 0.62 0.62 0.1 8.5 17
Vdb w% B1 -0.465 69.5 3 69.0 69.4 69.5 0.6 0.8 9
w% B2 -0.224 85.0 3 84.7 85.0 85.0 0.6 0.7 10
w% K1 -0.506 27.0 3 26.8 26.9 27.0 0.4 1.6 13
Participant 22
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 0.328 4.58 6 4.63 4.60 4.57 0.1 2.3 18
w% B2 -0.494 0.27 30 0.25 0.28 0.27 0.0 17.7 15
w% K1 -0.287 18.1 2.5 18.0 18.1 18.1 0.2 1.2 16
Mad,d w% B1 12.8 12.3 12.8 12.7 0.3 2.0 15
w% B2 7.29 7.14 7.27 7.27 0.2 3.3 15
w% K1 1.66 1.26 1.75 1.78 0.1 7.7 18
q-V,gr,d J/g B1 -1.535 21355 1.4 21126 21327 21351 113.1 0.5 14
J/g B2 -0.591 20203 1.5 20114 20214 20205 156.0 0.8 15
J/g K1 -1.485 28209 1 28000 28247 28201 88.1 0.3 15
S,d w% B1 -0.629 0.14 25 0.13 0.14 0.14 0.0 14.1 12
w% K1 0.635 0.63 15 0.66 0.62 0.62 0.1 8.5 17
-3 0 3
-3 0 3
-3 0 3
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Participant 22
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Vdb w% B1 -0.106 69.5 3 69.4 69.4 69.5 0.6 0.8 9
w% B2 0.114 85.0 3 85.1 85.0 85.0 0.6 0.7 10
w% K1 1.716 27.0 3 27.7 26.9 27.0 0.4 1.6 13
Participant 23
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 0.218 4.58 6 4.61 4.60 4.57 0.1 2.3 18
w% B2 2.259 0.27 30 0.36 0.28 0.27 0.0 17.7 15
w% K1 0.177 18.1 2.5 18.1 18.1 18.1 0.2 1.2 16
C,d w% B1 -1.270 53.3 3 52.3 53.6 53.3 0.8 1.5 11
w% B2 -1.111 50.4 2.5 49.7 50.6 50.4 0.5 1.0 11
w% K1 0.184 69.6 2.5 69.8 69.8 69.7 0.9 1.3 14
EF t CO2/TJ B1 108.6 107.1 108.5 108.6 1.1 1.0 5
t CO2/TJ K1 94.2 94.5 94.2 94.2 0.2 0.2 4
H,d w% B1 2.626 5.45 7 5.95 5.38 5.45 0.2 4.5 9
w% B2 2.078 6.04 6 6.4 6.0 6.0 0.2 2.9 10
w% K1 0.088 4.18 6 4.19 4.15 4.18 0.1 2.5 10
Mad,d w% B1 12.8 12.8 12.8 12.7 0.3 2.0 15
w% B2 7.29 7.26 7.27 7.27 0.2 3.3 15
w% K1 1.66 1.85 1.75 1.78 0.1 7.7 18
N,d w% B1 -3.052 1.16 10 0.98 1.16 1.16 0.0 4.0 7
w% B2 0.12 <0.1 0.07 0.12 0.1 98.0 6
w% K1 -3.086 1.16 10 0.98 1.17 1.16 0.1 6.0 9
q-p,net,d J/g B1 -0.848 20174 1.8 20020 20165 20174 120.6 0.6 12
J/g B2 -0.541 18882 1.8 18790 18887 18860 114.3 0.6 12
J/g K1 -0.183 27320 1.2 27290 27344 27335 91.4 0.3 13
q-V,gr,d J/g B1 -0.234 21355 1.4 21320 21327 21351 113.1 0.5 14
J/g B2 -0.086 20203 1.5 20190 20214 20205 156.0 0.8 15
J/g K1 -0.025 28209 1 28206 28247 28201 88.1 0.3 15
S,d w% B1 1.171 0.14 25 0.16 0.14 0.14 0.0 14.1 12
w% K1 0.847 0.63 15 0.67 0.62 0.62 0.1 8.5 17
Vdb w% B1 0.470 69.5 3 70.0 69.4 69.5 0.6 0.8 9
w% B2 0.192 85.0 3 85.2 85.0 85.0 0.6 0.7 10
w% K1 0.432 27.0 3 27.2 26.9 27.0 0.4 1.6 13
Participant 25
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
C,d w% K1 -0.411 69.6 2.5 69.2 69.8 69.7 0.9 1.3 14
Mad,d w% K1 1.66 1.14 1.75 1.78 0.1 7.7 18
S,d w% K1 0.444 0.63 15 0.65 0.62 0.62 0.1 8.5 17
-3 0 3
-3 0 3
-3 0 3
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Participant 26
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% K1 -0.928 18.1 2.5 17.9 18.1 18.1 0.2 1.2 16
C,d w% K1 0.977 69.6 2.5 70.5 69.8 69.7 0.9 1.3 14
H,d w% K1 1.675 4.18 6 4.39 4.15 4.18 0.1 2.5 10
Mad,d w% K1 1.66 1.58 1.75 1.78 0.1 7.7 18
N,d w% K1 1.897 1.16 10 1.27 1.17 1.16 0.1 6.0 9
q-p,net,d J/g K1 -1.037 27320 1.2 27150 27344 27335 91.4 0.3 13
q-V,gr,d J/g K1 -1.102 28209 1 28054 28247 28201 88.1 0.3 15
S,d w% K1 -1.090 0.63 15 0.58 0.62 0.62 0.1 8.5 17
Vdb w% K1 -0.605 27.0 3 26.8 26.9 27.0 0.4 1.6 13
Participant 28
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% B1 -0.291 4.58 6 4.54 4.60 4.57 0.1 2.3 18
C,d w% B1 -1.826 53.3 3 51.8 53.6 53.3 0.8 1.5 11
q-V,gr,d J/g B1 -63.060 21355 1.4 11929 21327 21351 113.1 0.5 14
S,d w% B1 -1.114 0.14 25 0.12 0.14 0.14 0.0 14.1 12
Participant 29
Analyte Unit Sample z score Assigned value 2*sp, % Lab's result Md Mean SD SD% n (stat)
Ash,d w% K1 0.088 18.1 2.5 18.1 18.1 18.1 0.2 1.2 16
C,d w% K1 0.420 69.6 2.5 70.0 69.8 69.7 0.9 1.3 14
H,d w% K1 -6.810 4.18 6 3.33 4.15 4.18 0.1 2.5 10
Mad,d w% K1 1.66 2.10 1.75 1.78 0.1 7.7 18
q-p,net,d J/g K1 1.226 27320 1.2 27521 27344 27335 91.4 0.3 13
q-V,gr,d J/g K1 0.269 28209 1 28247 28247 28201 88.1 0.3 15
S,d w% K1 -0.466 0.63 15 0.61 0.62 0.62 0.1 8.5 17
-3 0 3
-3 0 3
-3 0 3
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: Results of participants and their uncertaintiesAPPENDIX 8
In figures:
· The dashed lines describe the standard deviation for the proficiency assessment, the red solid line shows
the assigned value, the shaded area describes the expanded measurement uncertainty of the assigned
value, and the arrow describes the value outside the scale.
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: Summary of the z scoresAPPENDIX 9
Analyte Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 %
Ash,d B1 . S S S . . S S S S U S . . S S S S S . S S S 94,4
B2 . S S q S . S . S S U S . . S q S S S S S S Q 77,8
K1 . U S . S S . . . S S S S S S S . . S . S S S 94,1
C,d B1 . . S . . . . . . S S S . . . S S S S . S . S 100
B2 . . S . S . . . . S S S . . . S S . S S S . S 100
K1 . . S . S S . . . u S S Q . . S . . S . q . S 78,6
EF B1 . . . . . . . . . . . . . . . . . . . . . . .
K1 . . . . . . . . . . . . . . . . . . . . . . .
H,d B1 . . S . . . . . . S S S . . . S S . S . S . Q 88,9
B2 . . S . S . . . . S S S . . . S S . S . S . Q 90,0
K1 . . S . S . . . . S S S . . . S . . S . S . S 90,9
Mad,d B1 . . . . . . . . . . . . . . . . . . . . . . .
B2 . . . . . . . . . . . . . . . . . . . . . . .
K1 . . . . . . . . . . . . . . . . . . . . . . .
N,d B1 . . S . . . . . . S S S . . . S S . S . U . u 77,8
B2 . . . . . . . . . . . . . . . . . . . . . . .
K1 . . S . q . . . . S S S . . . S . . S . S . u 80,0
q-p,net,d B1 . U S S . . S S S S S S . . . S S . S . U . S 85,7
B2 . U S S S . S . S S S S . . . Q S . S . U . S 78,6
K1 . U S . S S . . . S S S S q . S . . S . U . S 80,0
q-V,gr,d B1 . u S S . . S S S S S S . . u S S S S . u S S 77,8
B2 . u S S S . S . S S S S . . S Q S S S u u S S 77,8
K1 . u S . S S . . . S S S S S S S . . S . u S S 88,2
S,d B1 . . S . . . . . S S S S . . u . q S S . S S S 84,6
K1 . . S . S S . . . S S S S Q q S . . S . q S S 82,4
Vdb B1 . . S . . . . . . . S S . . U S S . S . S S S 90,0
B2 . . S . S . . . . . S S . . Q S S . S . S S S 90,9
K1 . . S . S S . . . . S S S S S U . . S . S S S 92,9
% 22 100 83 93 100 100 100 100 95 91 100 83 60 55 81 93 100 100 67 59 100 77
accredited 22 8 6 3 7 19 22 17 5 5 10 14 6 22 1 22
Analyte Sample 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 %
Ash,d B1 . . . . S . . . . . . . . . . . . . . . . . . 94,4
B2 . . . . . . . . . . . . . . . . . . . . . . . 77,8
K1 . . S . . S . . . . . . . . . . . . . . . . . 94,1
C,d B1 . . . . S . . . . . . . . . . . . . . . . . . 100
B2 . . . . . . . . . . . . . . . . . . . . . . . 100
K1 . S S . . S . . . . . . . . . . . . . . . . . 78,6
EF B1 . . . . . . . . . . . . . . . . . . . . . . .
K1 . . . . . . . . . . . . . . . . . . . . . . .
H,d B1 . . . . . . . . . . . . . . . . . . . . . . . 88,9
B2 . . . . . . . . . . . . . . . . . . . . . . . 90,0
K1 . . S . . u . . . . . . . . . . . . . . . . . 90,9
Mad,d B1 . . . . . . . . . . . . . . . . . . . . . . .
B2 . . . . . . . . . . . . . . . . . . . . . . .
K1 . . . . . . . . . . . . . . . . . . . . . . .
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Analyte Sample 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 %
N,d B1 . . . . . . . . . . . . . . . . . . . . . . . 77,8
B2 . . . . . . . . . . . . . . . . . . . . . . .
K1 . . S . . . . . . . . . . . . . . . . . . . . 80,0
q-p,net,d B1 . . . . . . . . . . . . . . . . . . . . . . . 85,7
B2 . . . . . . . . . . . . . . . . . . . . . . . 78,6
K1 . . S . . S . . . . . . . . . . . . . . . . . 80,0
q-V,gr,d B1 . . . . u . . . . . . . . . . . . . . . . . . 77,8
B2 . . . . . . . . . . . . . . . . . . . . . . . 77,8
K1 . . S . . S . . . . . . . . . . . . . . . . . 88,2
S,d B1 . . . . S . . . . . . . . . . . . . . . . . . 84,6
K1 . S S . . S . . . . . . . . . . . . . . . . . 82,4
Vdb B1 . . . . . . . . . . . . . . . . . . . . . . . 90,0
B2 . . . . . . . . . . . . . . . . . . . . . . . 90,9
K1 . . S . . . . . . . . . . . . . . . . . . . . 92,9
% 100 100 75 83
accredited 1 8 4 5
S - satisfactory (-2 < z < 2), Q - questionable (2 < z < 3), q - questionable (-3 < z < -2),
U - unsatisfactory (z > 3), u - unsatisfactory (z < -3),
bold - accredited, italics - non-accredited, normal - other
% - percentage of satisfactory results
Totally satisfactory, % in all:  86         % in accredited:  93        % in non-accredited:  70
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: z scores in ascending orderAPPENDIX 10
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: Analytical measurements and background information forAPPENDIX 11
calculations
Reported details of the measurements:
Measurement of
gross calorific value
Sample B1 (peat) Sample B2 (wood pellet) Sample K1 (coal)
Sample amount: 0.5-1.15 g 0.5-1.3 g 0.57-1.0 g
Air dried samples: participants 4, 12,
15,19, 23
participants 4, 12, 15,19, 23 participants 3, 5, 12,
13,15, 19,23
Drying in 105 °C: participants 6, 9, 21, participants 5, 6, 9, 21 participants 6, 14, 21
Other: participant 10: as
received
participant 22: not
dried sample
participant 10: as received
participant 22: not dried sample
participant 10: as
received
participant 22: not dried
sample
participant 29: 107°C
drying gas nitrogen
Equipment: PARR (models 1281, 6400): participants 4, 9, 12, 19, 29
LECO (model AC350, AC600): participants 3, 22
IKA (models C5000, C5003): participants 5, 6, 10, 13, 15, 21, 23
Correction taken into account in calculations:
Gross calorific value
Participants and correction factors used
Sample
B1
(peat)
B2
(wood pellet)
K1
(coal)
3: wire, S, acid correction
3: anlysis moisture
x x x
x
4: wire, acid correction, analysis moisture x x
5: wire, ignition, S
5: N
x x
x
6: wire, acid correction x
9: wire, ignition, acid correction, analysis moisture x x
10: wire, ignition, S, analysis moisture x x x
12: wire, ignition, acid correction, analysis moisture x x x
13: ignition, S, N, analysis moisture
13: combustible crucible
x
x
14: S, analysis moisture x
15: wire, analysis moisture
15: S, N
x x x
x
19: Calibration, included in instrument x x x
21: wire, ignition x x x
22: wire, S, N, analysis moisture x x x
23: wire, ignition, acid correction, analysis moisture
23: S
29: wire, ignition, S, acid correction, analysis moisture
x
x
x x
x
x
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Correction taken into account in calculations:
Net calorific value (literature value in brackets)
Participant SampleB1 (peat) B2 (wood pellet) K1 (coal)
3 N+O, H N+O, H N+O, H
4 N+O (35,0%), H (5,6%) N+O (41,0%), H (6,2%)
5 H N+O, H,
6 N+O (ISO 17247), H
calculated (ISO 1928)
9 N (1,5/0,5), O (32/40),
H (5,8/6,0)
N (1,5/0,5), O (32/40),
H (5,8/6,0)
10 N+O, H N+O, H N+O, H
12 N+O, H N+O, H N+O, H
13 H calculated
14 H calculated
19 N+O, H N+O, H N+O, H
21 H H H
23 H H H
29 H
Methods used in ash and moisture measurements:
Measurement Method °C Participant /
Sample B
(peat)
Participipant /
Sample B2
(wood pellet)
Participant /
Sample K1
(coal)
Ash content
(ashing
temperature ̊C)
Gravimetric 550 3, 9, 12, 19, 22, 23 3, 9, 12, 19, 22
750 29
815 4, 21 4, 21 3, 6, 12, 13, 14,
21, 22
TGA: 550 10, 15 5, 10, 15
750 1, 5
815 6, 10, 15, 19
Moisture content of
analysis
sample, Mad
(temperature °C)
Air: 3, 4, 9, 12, 15, 19,
21, 22, 23
3, 4, 9, 12, 15,
19, 21, 22, 23
15, 21, 22
N2
atmosphere:
10 5, 10 3, 5, 6, 10, 12,
13, 14, 19, 23,
29
Gravimetric: 105 3, 4, 9, 12, 19, 21,
22, 23
3, 4, 9, 12, 19,
21, 22, 23
6, 13, 14, 21,
22, 23
107 3
107.5 12
TGA: 105 10, 15 5, 10, 15 5, 6, 10, 15, 19
107 29
Relative humidity of
analyzing room (%)
part 3: 46.8, part 4: 44, part 6: 60-61, part 10: 50, part 12: 43, part 13: 47.5, part 14: 50,
part 15: 60, part 19: 44, part 21: 38, part 22: 42-64, part 23: 57.1, part 29: 32-50
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Detection limits in nitrogen and sulphur measurements:
Participant Detection limit
for N (w%)
Method for determination of N detection limit
3 0.1 Linerisation of the CHN analyser and with low N samples
5 0.3
10 0.02 Calculations from standard deviation based on black samples
12 0.03 Using the data obtained in method validation. Without MUkit software.
19 0.01 High temperature combustion + TC cell, through validation
23 0.1 Based on validation for CHN analyzer
Participant Detection limit
for S (w%)
Method for determination of S detection limit
3 0.02 With blank S and low S samples
5 0.01
6 0.0005-25.9 Method for inter-laboratory calibration
10 0.02 Calculations from standard deviation based on black samples
12 0.01 Using the data obtained in method validation. Without MUkit software.
14 - ISO 334
15 0.13 Using the data obtained in method validation (standard deviation)
19 0.01 High temperature combustion + IR cell, through validation
22 0.01 -
23 0.03 Based on validation for sulfur analyzer
29 0.06 According to the data of calibration
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Calculations of Emission factor (EF)1:
We have used the equation based on the decision 2007/589/EC (18.7.2007).
If no, describe how?
Sample B1 (peat) Sample B2 (wood pellet) Sample K1 (coal)
Yes: labs 3, 23 labs - labs 3, 5, 14, 23
No: lab 10: According to SP-report
2004:30
lab 12: EMA 5.6.2013 (see
below)
lab 10: According to SP-report
2004:30
lab 10: According to SP-
report 2004:30
lab 12: EMV 5.6.2013 (see
below)
1In the cover letter the provider gave the participants the possibility to calculate the EF-value using the
procedure presented in the EC directive and using the total moisture content as presented in the letter.
Later it was obtained, that the EC directive is not giving the detailed equation for calculation of EF-
values. Therefore, some national guides for the equation of EF value calculation have been produced.
As a result from this, the Energy Market Authority in Finland has made the guideline for the calculation
of emission factor for fossile fuels as follows:
EF = 1000 × 3.664 × (C/100) × (1 – Mar/100)/Qnet,ar, where
EF emission factor, g CO2/MJ
C carbon content as dry, %
Mar total moisture as received, %
Qnet,ar  net calorific value as received, MJ/kg
(http://www.energiavirasto.fi/documents/10179/132665/Paastokertoimen+laskentaohje.pdf)
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: Results grouped according to the methodsAPPENDIX 12
In figures:
· The dashed lines describe the standard deviation for the proficiency assessment, the red solid line shows
the assigned value, the shaded area describes the expanded measurement uncertainty of the assigned
value, and the arrow describes the value outside the scale.
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: Estimation of the measurement uncertainties and examples of theAPPENDIX 13
reported values
ESTIMATION PROCEDURE OF UNCERTAINTY:
UC No: the procedure used for the estimation of the expanded measurement uncertainty
at 95 % confidence level (k=2).
1. Using the IQC data only from synthetic control sample and/or CRM (X-chart),
see e.g. NORDTEST TR 5371). Using MUkit measurement uncertainty software3).
2. Using the IQC data only from synthetic control sample and/or CRM (X-chart),
see e.g. NORDTEST TR 5371). Without MUkit measurement uncertainty software.
3. Using the IQC data from synthetic sample (X-chart) together with the IQC data from
routine sample replicates (R-chart or r%-chart), see e.g. NORDTEST TR 5371). Using
MUkit  software.
4. Using the IQC data from synthetic sample (X-chart) together with the IQC data from
routine sample replicates (R-chart or r%-chart), see e.g. NORDTEST TR 5371). Without
MUkit  software.
5. Using the IQC data and the results obtained in proficiency tests, see e.g.
NORDTEST TR 5371). Using MUkit software.
6. Using the IQC data and the results obtained in proficiency tests, see e.g.
NORDTEST TR 5371). Without MUkit software.
7. Using the data obtained in method validation. Using MUkit software.
8. Using the data obtained in method validation. Without MUkit software.
9. Using the "modeling approach" (GUM Guide or EURACHEM Guide Quantifying
Uncertainty in Analytical Measurement)2)
10. Other procedure, please specify
11. No uncertainty estimation
IQC = internal quality control
1) http://www.nordtest.info, 2) http://www.eurachem.org, 3) http://www.syke.fi/envical
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